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Comparison of the Tryptic Peptides of Chemically Induced and
Spontaneous Mutants of Tobacco Mosaic Virus

The genetic information of tobacco mosaic virus (TMV) resides in the
sequence of the bases within its ribonucleic acid (RNA). The infecting
TMV-RNA induces the cell to produce new virus particles consisting of
RNA and a specific protein. There must therefore exist a structural re-
lation between the RNA and the corresponding protein. One way to
study this relation is to change the sequence of the RNA bases and to
study the effect on the corresponding protein.

Treatment of TMV-RNA with nitrous acid converts certain bases into
others, e.g., uracil to c¢ytosin (7); a change of one nucleotide is sufficient
to produce a mutation (2). By variation of the experimental conditions
it is possible to vary the statistically defined average number of nucleo-
tide changes within the RNA. Investigation of the protein structure of
these chemically induced mutants promises to give information on the
coding problem between nucleic acids and the corresponding proteins,
The results of a comparison of the tryptic peptides of 26 chemically
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induced and spontaneous TMV mutants will be described here. Part of
this work has been presented before the National Academy of Sciences,
Washington, D. C. (3). Comparisons of the amino acid composition (4)
and of the composition of the tryptic peptides (5) of the normal TMV
strain and a mutant induced by nitrous acid treatment have heen pub-
lished.

To solve the coding problem, it is essential to have a method capable
of detecting with certainty a change in only one out of the 157 amino
acids making up the TMV protein. Therefore the purified TMV was
split into RNA and protein and (besides determining the amino acid
composition of the virus protein in an automatic amino acid analyzer)
the protein was digested with trypsin; the resulting 12 tryptic peptides
were isolated and purified by column and paper chromatography and
paper electrophoresis. Their amino acid composition was analyvzed in
amino acid analyzers according to Spackman et al. (6). The methods were
essentially the same as those described previously in detail (5, 7).

IFigure 1 gives a scheme showing derivation of the mutants whose
tryptic peptides have been studied. Those mutants designated by **Ni”’
were produced by nitrous acid treatment; all others were spontaneous
mutants. The isolation of the spontaneous mutants A 7 to E 83 was done
in such a way as to reduce to a minimum the probability of getting more
than one mutation step (8). This prineiple was not stressed as much in
1solating the spontaneous mutants designated by Latin names [flarum
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Frs. 1. Seheme of the TMV mutants studied. The differences in the amino acid
composition of the tryptic peptides are given in the text.
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(Hav.), necans, (nee), revirescens (vev.), and reflavescens (refl.)], some of
which were volated many years ago (9). The amino acid composition of
the latter mutants has been analyzed before, without splitting the pro-
tein into tryptie peptides (16).

When ¢ is the time of treatment and 7 the time after which the in-
feetivity decreases to 17¢ of the value before treatment [see (2)], then

for both Ni XX 1 and Ni XX 8§, L 1.1 for N1t N1 IS, and N1 A4, t
T T

= 5.2 [see ({1)]; for Ni 5445 and Ni 54720, . 2.6; for N154720 734, i
T T

= 6.5; and for Ni 101 to Ni 118, - 3.0. The 6 mutants N1 101 to N3
T

118 and the 2 Ni XX/ ... were produced by treatment of the virus
nucleoprotein with nitrous acid whereas all other Ni mutants were
isolated after nitrous acid treatment of the TMV-RNA. The mutants
Jlaram, N1 XX /8, Ni 54/20/34, and [ 83 are yellow strains which can-
not be differentiated by symptoms on “Samsun tobacco”.

The analysis of the tryptie peptides of the 26 chemically induced and
spontaneous mutants listed, gives the following results [ef. Ilig. 1; pep-
tides numbered as in (7)]:

Steps a, o, doe, £, gosou, v, w, veono change
Reps b h, ooz Asp — Ala in peptide NI
Step= i, j: Asp — Gly in N1

Step ks Glu - Gly in VI

Step 1: Asp — Glvin IX

Step me: Ner — Phe in IV Glu — Val in N1
Step n: Pro — Leu in XTI

Step pr Ala + Phe — Val + Leu in NI Ser — Phe in IV
Step : Val + Lew — Asp + Phe in X1
Step r: Leu — Phe in XT1

step (2 liew — Thr in X1

Step x: Asp — Lysin IV

The results confirm the ecarlier finding (5) that there exist mutants
which have the same amino aeid composition of their tryptie peptides al-
though they show very striking differences in symptoms; this is true for
both spontancous and chemieally induced mutants. This can be ex-
plained by assuming that the region within the TMV-RNA which codes
for the 157 amino acids of the virus protein is smaller than the 6500
nucleotides making up the TMV-RNA. Only when nueleotides within
this region are changed does an alteration of amino acids in the viral
protein ocewr, whereas changes of nucleotides outside this region result

' Peptide No. NTT iwith 41 amino acids) contains 4 Asp {see (7], ASDP means
aspartic acid or asparagine. Ghu means glutamie acid or glutamine.
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in alterations that lead to ditferent symptoms without changing the
viral protein. By investigation of more nitrous acid mutants than have
been studied hitherto, the number of nucleotides within the “*gene’” for
the viral protein could be determined and the question answered how
many nucleotides code for one amino acid. The elucidation of the total
sequence of the 157 amino acids of the TMYV protein (72) makes it possi-
ble to pinpoint the alteration of a certain amino aeid at a certain posi-
tion within the protein chain. This opens up the possibility of seeing
whether the points of amino acid replacement are distributed randomly
over the protein chain or whether there exist regions with a high fre-
quency of replacement, and also of answering the question whether a
certain amino acid can be substituted only by a limited number of others;
this information would give additional help in resolving the code.
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